We study the pair production of heavy charged exotic leptons at e + e − colliders in the SU(2) L × SU(2) I × U(1) Y model. This gauge group is a subgroup of the grand unification group E 6 ; SU(2) I commutes with the electric charge operator, and the three corresponding gauge bosons are electrically neutral. In addition to the standard γ and Z boson contributions, we also include the contributions from extra neutral gauge bosons.
Introdution
Many extensions of the Standard Model (SM) contain exotic fermions. Strongly interacting exotics, such as heavy quarks, can be produced in abundance at the Tevatron or the LHC. However, particles which are not strongly interacting, such as heavy charged leptons, can best be produced at an electron-positron collider. In general, studies of heavy charged leptons at such colliders focus on s-channel production, through a γ, Z, Z ′ , etc. The phenomenology of exotic particles has been considered widely [1] [2] [3] [4] [5] [6] [7] [8] . A good report can be found in Ref. [9] .
In this paper, we note that a model which arises from superstring-inspired E 6 grand unification models will allow pair production of heavy charged leptons in the t-channel.
We discuss this model, and study the forward-backward and left-right asymmetries at linear colliders. For simplicity, we neglect mixing between extra particles (bosons or fermions) and the normal particles of the SM, since such mixing angles are generally small.
The model
There are many phenomenologically acceptable low energy models which arise from E 6 .
where U(1) ψ and U(1) χ can be combined into U(1) θ in model (b), reducing it to the 
Both of them will be considered in this paper. 
Cross Section Production and Asymmetries
The relevant interactions for the process
where α = L or R. g, g I and g Y ′ are coupling constants and θ W is the electroweak mixing angle. For simplicity, we will assume that g I = g and
it is straightforward to relax this assumption. The first two lines are couplings between fermions and standard γ and Z. The rest are couplings with extra neutral gauge bosons.
The e + e − → E + E − process can proceed via s-channel exchange of a γ, Z, Z ′ or Z I , and can also proceed via t-channel exchange of a W I . Each amplitude can be written as the form of
Note that the W I leads to a t-channel process unsuppressed by small mixing angles. This is unique to this model. Note that if one considered production of the heavy charged leptons which form an SU(2) I doublet with the muon or the tau, then the processes would be identical except that the t-channel process would be absent.
The differential cross section for this process is given by
s, t and u are the Mandelstam variables, and with
where the C i , a i and b i are given in Table 1 . Table 1 Coefficients appearing in Eq. (5) i
The forward-back asymmetry is defined by
and the left-right asymmetry is defined by
Note that the C i , a i and b i will be somewhat different for σ L and σ R due to the insertion of the projection operator in Eq. (3). Both A F B and A LR at e + e − colliders were studied in Ref. [11, 12 ], but only s-channel contributions were considered.
Results
The electroweak part SU ( and m Z I . We will assume that these masses are equal and thus there is only one mass parameter remaining, which we choose to be near the experimental lower bound for direct production [13] , m Z I = 650 GeV. This is basically the same as assuming that the gauge bosons do not substantially mix with each other. The numerical results for cross section, forward-backward and left-right asymmetries are shown in Figs. 1-3 . We have plotted the results for E + E − and M + M − production, where M is the SU(2) I partner of the muon or tau (the only difference will be due to the t-channel process). For comparison, we also include the standard model results for both a vectorlike heavy lepton and a chiral heavy lepton. Although we have assumed that the Z I mass (E, M mass) is 650 GeV (200 GeV), it is easy to see how the figures will be qualitatively modified if these assumptions are relaxed.
In the rank 6 model, one has an additional mass scale and additional coupling. If we assume that the g Y ′ coupling is the same as g Y , and that the mass of the Z ′ is
then one can recalculate the cross section, forward-backward and left-right asymmetries.
We find that there is not a substantial difference from the rank 5 case, except in the immediate vicinity of the Z ′ mass.
Conclusions
How does one detect these leptons? The main decay modes depend sensitively on the masses and mixing angles. Since the E and its isodoublet partner N are degenerate in the limit of no mixing, one expects the E → NW * to be into a virtual W , leading to a three-body decay. Since the allowed three-body phase space is very small, this decay will be negligible unless the mixing with the lighter generations is extremely small. In the more natural case, in which such mixing is not very small, the two-body decays E → ν e W and E → eZ would dominate. A detailed analysis of the lifetimes and the decay modes can be found in Ref. [14] . There, it was shown that the ratio of Γ(E → eZ)
to Γ(E → ν e W ) is given by the ratio of |U Ee | 2 to |U Eνe | 2 . This is very model-dependent.
Certainly, the signature for E → eZ would be quite dramatic. Even if the Z decays hadronically or invisibly, the monochromatic electron, plus the invariant mass of the Z decay products, would allow for virtually background-free detection. The signature for E → ν e W is less dramatic, but would lead to W + W − plus missing transverse momentum.
As discussed in Ref. [8] , requiring that the W 's decay leptonically gives a signal of
where l = (e, µ). The backgrounds, due to e + e − → τ There is no forward-backward asymmetry for the pair production of SM vectorlike fermions, while the polarization asymmetry for heavy SM chiral fermions is very small.
Therefore, combining A F B with A LR would make it very straightforward to distinguish 
